Using the identical protocol of an Intersalt Study previously conducted, we undertook a new study (Intersalt-2) 8 years later. We measured changes in various factors affecting blood pressure (BP) including urinary sodium and potassium excretion in three districts of Japan: Osaka, Tochigi, and Toyama. Also we evaluated the trends in the relationships of those factors to BP.
Introduction
The stroke mortality rate of Japan was extremely high as compared to other countries 1 and was the leading cause of death for the three decades immediately following 1951. 2 However, by 1990 strokerelated deaths accounted for only 40% of those in 1965. 2, 3 The stroke mortality in Japan had declined corresponding to a decline in the mean blood pressure (BP), the major risk factor for stroke. 4, 5 So it was suggested that the control of hypertension was very effective in decreasing stroke mortality. 6 However, the prevalence of hypertension in Japan is still high as shown in the National Survey on Circulatory Disorders, 7 indicating that control of BP remains an important issue for prevention of stroke.
High salt intake has been recognised as a risk factor for hypertension by the Intersalt Study. [8] [9] [10] [11] [12] It was area still had the highest value of the three study centres. The average potassium excretion increased only in Osaka. Sodium/potassium ratio decreased in all centres. BMI and the prevalence of heavy drinkers among the subjects of both studies were nearly the same. The trend of the relationship of sodium to BP in Osaka changed from negative to positive. In Toyama, it changed from positive to negative. It is thought that this negative relationship might occur in conjunction with a reduction in salt consumption in a population. In conclusion this study reveals that average sodium consumption in Japan remains high while potassium consumption is still low. As a factor in the prevention of hypertension, further efforts to reduce salt consumption and increase potassium intake are still needed.
known that the average salt consumption in Japan was markedly higher than that in other countries. 13, 14 According to the National Nutrition Survey 15 average salt consumption in Japan had decreased yearly, from 13.5 g in 1975 to 11.7 g in 1987. However, the three study centres examined in the Intersalt Study (Osaka, Tochigi and Toyama) showed relatively high sodium excretion compared to other countries. 8, 16 In the Intersalt Study, 17 on the basis of multivariate correction, estimates of the size of the sodium systolic BP/diastolic BP (SBP/DBP) relation were 3.1-6.0/0.1-2.5 mm Hg lower on average with 100-mmol/day sodium intake. Also potassium-SBP/DBP relation was 3.3-3.4/1.6-1.9 mm Hg lower on average with 50 mmol/day higher potassium intake. 17 While the National Nutrition Survey in Japan shows an apparent subsequent rise in the salt intake, from 11.7 g in 1987 to 13.2 g in 1995, 15 it is suspected that this rise is in fact artificial and due to a revision of the food composition tables in 1988. 18 In fact, there exist few data that are based on a standardised methodology for evaluating sodium and potassium intake in Japan.
The purpose of this investigation, therefore, was to observe the trends in urinary electrolyte excretion, and the factors that relate to BP in Japan.
To accomplish this, subjects from the same population in the same geographical areas as the original Intersalt Study were subjected to analysis a second time (the Intersalt-2 Study). For consistency we utilised the same methodologies as the original Intersalt Study, and the results were then compared with the data from that study.
Materials and methods

Field method
Among the three study centres Osaka is the largest and is in fact the second largest metropolitan area in Japan. Subjects in this area comprised employees (and their spouses) of a life insurance company located in the northern part of Suita City (population 330 000). Tochigi, a rural area undergoing rapid industrialisation, is located 100 kilometers northeast of Tokyo. Inhabitants of farm households in Minami-Kawachi town (total population 15 000) were studied. Toyama is a semi-rural area located in central Japan. Employees of a zipper and aluminum products factory located in Kurobe, a small town (population 36 000) were studied. The National Nutritional Survey 15 reveals that there was a regional difference of salt intake among the three study centres during the years of both the Intersalt Study (1985) and the Intersalt-2 Study (1993). For 1985 and 1993 the salt intake of the Kinki area (in which Osaka is located) was relatively low, 10.8 g and 12.0 g respectively; that of the North Kanto area (in which Tochigi is located) was 12.8 g and 13.7 g respectively; and that of Hokuriku (in which Toyama is located) was 13.4 g and 13.6 g respectively.
Subject selection methodology, BP measurements, and urine collections were all carried out using the same protocol as the Intersalt Study.
19, 20 The time of year in which the study was carried out also corresponds to the original Intersalt Study. In the Osaka centre, we took samples and measurements from April to July 1993, in the Tochigi centre, from August to September 1993, and in the Toyama centre, from November to December 1993. Participants were recruited at random from the target population.
The goal for each centre was the recruitment of 200 persons with complete measurements, 25 in each of the eight age-sex strata. Random samples were drawn in each 10-year group in each centre. The objective was to recruit 25 in each age-sex group with one extra person in the event that one subject failed to make his or her appointment or failed to complete the 24-h urine collection. The response rates in Osaka, Tochigi, and Toyama were 30%, 28%, and 56%, respectively.
The sex and age distributions of the subjects are shown in Table 1 . In the present analysis, 503 subjects aged 20-59 years in whom urine collections and BP measurements were complete were selected (Table 1 ). In the Tochigi centre the participation rate by men was low. Urbanisation in this area has caused a decrease in the number of farm households, the primary and only viable source for subject recruitment in the area.
BP measurements were performed after a 30-min period during which smoking, eating and vigorous exercise were prohibited. Immediately prior to the measurements the subject was made to empty his bladder and assume a sitting position and rest for 5 min. Then, using a random-zero sphygmomanometer the BP was measured twice on the right arm and the mean value adopted. DBP was recorded as Korotkoff's phase 5.
The 24-h urine collection was done by the method of the Intersalt Study.
19, 20 The urine collection was performed by the total urine collection method using several one-litre size plastic bottles provided prior to the collection. The 24-h collection was started immediately after voiding the spot urine. To ensure that the end of the 24-h urine collection was appropriately completed, the participants were asked to return to the clinic shortly before the 24-h period was over, and the final urine specimen was then collected. Questionnaires of the same type as those of the Intersalt Study were used to ascertain the completeness of the 24-h urine collection. 20 Alcohol consumption was recorded by having the subject recall the amount consumed during the week prior to the investigation. Height and weight were measured with the subject wearing only socks and light clothes.
Urine analysis
In the Intersalt Study electrolyte analysis was performed at the Central Laboratory in Leuven, Belgium. In the Intersalt-2 Study analysis for all three centres was performed at a laboratory in Osaka with strict internal and external quality control. To determine whether analysis of the respective data from the Intersalt Study and the Intersalt-2 Study was consistent despite the different laboratories used, 99 specimens obtained from the Intersalt Study and preserved at −20°C were analysed, and the corresponding values compared with those obtained at the Central Laboratory in Leuven. As shown in Figures 1 and 2 , a high correlation was obtained: Y = 1.01 x −1.841 (r = 0.978) in the case of sodium, and Y = 0.985 x −0.358 (r = 0.968) in the case of potassium. It was, accordingly, judged that the two sets of data were comparable.
Statistical methods
The trends in BP, body mass index (BMI), urinary sodium and potassium excretion, and prevalence of subjects under treatment and heavy drinkers between the Intersalt Study and the Intersalt-2 Study were evaluated in 20-year age, sex, and centre-specific groups. Comparison between the Intersalt Study and the Intersalt-2 Study was carried out by unpaired t-test, or chi-square test as appropriate. The linear regressions of BP on sodium, potassium, and sodium-to-potassium ratio were calculated and adjusted for age and sex. Adjustments were also made for BMI and alcohol intake, which are known 
*P Ͻ 0.05; **P Ͻ 0.01; ***P Ͻ 0.001 (t-test or chi-square test). a Number (%). to be confounding factors in BP. Also potassium was included in the regression for sodium and sodium in the regression for potassium. To adjust for drinking habits, alcohol intakes were stratified into three groups (0, 1-299 ml, and у300 ml absolute alcohol/week) with two 0, 1 variables-that is, no alcohol intake vs 1-299 ml/week (0,1) and no alcohol intake vs у300 ml/week (0,1). 
Results
Mean BP and other physical parameters were compared between the Intersalt Study and the Intersalt-2 Study (Table 1) . Mean pulse rate of in each agesex group of both studies was 35-40/30 sec and did not significantly differ between the two studies. In the Osaka centre, SBP showed a statistically significant decrease in both men and women aged 20-39 years. Also a significant decrease in DBP was found in the women aged 20-39 years. In the 40 to 59-year-old groups, BP showed no change. The prevalence of subjects under antihypertensive treatment did not change. BMI increased only in women aged 40-59 years. In the Tochigi centre, neither systolic nor diastolic BP showed significant changes in any group. The rates of treated hypertensives aged 40-59 years were higher in the Intersalt-2 Study in both sexes. Looking at the Toyama centre, SBP showed a statistically significant decrease in the women aged 20-39 years, but no significant change was noted in any of the other groups. DBP did not show significant changes in any of the groups. The proportion of treated hypertensives did not differ between the two studies in any of the groups. BMI did not change in any of the groups. Table 2 shows the mean values of urinary electrolyte excretion. In the Osaka centre, mean values of urinary sodium excretion were similar in all groups. A tendency to increased potassium excretion was noted in all groups and there was a statistical significance in the men aged 20-39 years. Sodium-topotassium ratio (Na/K) decreased significantly in the men aged 20-39 years and women aged 40-59 years. In the Tochigi centre neither urinary sodium nor potassium excretion showed significant changes in any group. Sodium-to-potassium ratio tended to decrease significantly in the women aged 40-59 years. In the Toyama centre, a decreasing tendency of sodium excretion was noted in all groups and a statistically significant decrease was found in the women aged 20-39 years. However, it was still the highest among the three districts, except in the women aged 20-39 years. No significant change in potassium excretion was found in any of the groups. Na/K tended to decrease, with statistical significance except in the 40 to 59-year-old men. As a whole, the decrease of sodium excretion was found only in Toyama; Osaka and Tochigi remained at levels similar to those of the Intersalt Study. The mean value of potassium excretion slightly increased in Osaka during the 8-year period, but those of the other two centres did not change. A decreased Na/K ratio was found among almost all age and sex groups of the three districts.
The prevalence of current smokers and drinkers, and alcohol consumption of drinkers are shown in Table 3 . The prevalence of male heavy drinkers in the Intersalt-2 Study was similar to that of the Intersalt Study. However alcohol consumption among drinkers decreased significantly in men aged 40-59 in Toyama.
The relationship of urinary electrolyte excretion and other factors to BP is shown in Table 4 . Because age, sex, BMI, and alcohol intake are significantly related to BP in the Intersalt Study and the Intersalt-2 Study, linear regressions between urinary electrolytes and BP are adjusted for these parameters. Although Osaka showed a significant negative relationship between sodium excretion and SBP and DBP in the Intersalt Study, this relationship disappeared in the Intersalt-2 Study. The converse was found in the Toyama centre, where although the relationships of sodium of SBP and DBP were positive in the Intersalt Study, these changed to a statistically significant negative in the Intersalt-2 Study.
Moreover the relation between sodium/potassium ratio and SBP, DBP changed from positive to negative in Toyama. Among the subjects of the Tochigi centre, there was no change of association between electrolyte excretions and either SBP or DBP. The relationship between potassium excretion and BP was negative in both studies in all centres. Thus we found differences in the relationships between urinary electrolyte excretion and BP among the three centres when comparing the two study periods.
Discussion
Because of the lack of data based on a standardised methodology for evaluating sodium and potassium intake in Japan we restudied the same population centres as the Intersalt Study to discern any changes in urinary sodium and potassium excretion and their relation to BP in Japan. We carried out the study using the same methodology as the Intersalt Study for sampling and recruitment, measuring BP, and 24-h urine collection. We also ascertained the completeness of the urine collection by utilising the same questionnaires as the Intersalt Study.
However, we must also note some problems with our data. Since we obtained only one single 24-h urine collection, correction for the regression dilution bias was not possible and the linear regression between urinary electrolytes and BP might be under-estimated. As noted above, the participation rate among men of the Tochigi centre was low. So the actual subject group of the Tochigi centre in the Intersalt-2 Study does not represent the target population. However, we consider our report to the nonetheless meaningful as an investigation of the trends in sodium and potassium as related to BP in Japan.
The Intersalt Study estimated that if the sodium excretion of the population could be reduced by 100 mmol/day, its SBP could be reduced by at least 3 mm Hg. 17 However from the National Nutrition Survey 15 the salt intake has subsequently again shown a rise, from 11.7 g in 1987 to 13.2 g in 1995.
As noted above it is suspected that this rise is in fact artificial and due to a revision of the tables of food composition in 1988. 18 At least our data did not show an increase in urinary sodium excretion among the three centres.
However, the change of sodium and potassium excretion was much less than the levels recommended based on the results of the Intersalt Study. A decreasing trend of sodium excretion was seen only in Toyama 8 years after the Intersalt Study. Even in Toyama the decrease in sodium excretion was limited to about 20 mmol in women and 10 mmol in men and the mean value remains high at approximately 200 mmol. The Intersalt Study also estimated that a 50 mmol/day higher potassium intake could reduce SBP by 3 mm Hg. 17 However, during the observational period, the increase in potassium excretion was much less.
The associations of the urinary sodium excretion on BP changed from the Intersalt Study and the Intersalt 2 Study in Osaka and Toyama showing a trend in the opposite direction. In Osaka, it changed mean volume of alcohol among drinkers; c number (%) (у300 ml/week). *P Ͻ 0.05, **P Ͻ 0.01, ***P Ͻ 0.001 (statistical significance between Intersalt Study and Intersalt-2 Study, t-test or chi-square test).
Table 4
Comparison of multiple correlation of systolic and diastolic BP with 24-h urinary sodium (Na) excretion, urinary sodium/potassium (Na/K) ratio and urinary potassium (K) excretion in three centres a BP-Na adjusted for age, sex, body mass index, potassium, alcohol; BP-Na/K adjusted for age, sex, body mass index, alcohol; BP-K adjusted for age, sex, body mass index, sodium, alcohol. *P Ͻ 0.05; **P Ͻ 0.01; ***P Ͻ 0.001.
from negative to no significant relation. In Toyama, it changed from positive to a significant negative relation. It was shown that estimates of sodium-BP relation became larger when BMI was removed from the multiple regression analysis. 17 It is believed that this reflects the fact that sodium and BMI are positively correlated. We also performed multiple regression analysis without adjustment for BMI, but the results did not significantly change. On the other hand, a negative association of urinary potassium to BP was more constant than the association of urinary sodium to BP. From our results we could not say that the association between potassium and BP is stronger than that of sodium and BP. It is probable Trends in BP and urinary sodium and potassium excretion in Japan H Nakagawa et al 741 that such small population studies on the relationship between salt and BP have methodological and statistical problems. For example, intra-individual variation is generally much greater than interindividual variation. 21 So a discrepancy among the relationships of the three centres is likely a result of the small sample size and the single urine sample measurements. However, the negative relationship of sodium excretion to BP found at Osaka in the Intersalt Study and Toyama in the Intersalt-2 Study might have been seen during the course of a reduction of salt consumption in these areas. That is, a negative relationship between salt and BP may occur during a period when salt consumption is being reduced, particularly in participants with high BP.
At any rate, compared to the recommendations based on the Intersalt Study, any reduction in salt intake or increase in potassium intake is not yet sufficient. It has been pointed out that variety in the diet is increasing while at the same time a greater reliance on dining out and the consumption of fast foods is becoming particularly prominent among the younger segments of the population. 22 This change in eating habits is believed to promote increased salt intake and decreased potassium intake. To prevent hypertension, we will need to find some practical strategies to promote salt reduction and increase potassium intake in Japan.
